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Abstract 
There are three sections in two-lane roads: no-passing section in which passing is prohibited in both 
directions; passing section allowing partial passing; added lane (either left or right of driving lane, defined 
as passing lane section in this study) designed for partial passing. Relative congestion in passing lanes or 
sections allowing passing can be calculated by quantifying delay in no-passing section in two-lane roads 
and this could serve as a valuable reference material if it contributes to better traffic conditions. This 
study established congestion model in no-passing section by performing regression analysis with field 
survey data retrieved from 88 Olympic Expressway, ran TWOPAS, which is traffic flow analysis 
program in two-lane roads, developed congestion estimation model in passing sections by simulating 
many passing lanes with different length, and finally analysed congestion reduction in passing lanes 
compared to no-passing lanes by different length. The analysis found USHCM 2000's linear model to be a 
more reliable estimation model for PTSF, which indicates congestion in two-lane roads than non-linear 
model. The appropriate length of passing lane should be more than 2.0 km when there is heavy traffic 
(1,000vph) as indicated by applying model formula derived in this study to TWOPAS model. In this case, 
congestion reduced by an average of 23% compared to no-passing section. Furthermore, 1.5km in length 
of passing section can also turn out to be effective for softening congestion.  
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1.  Introduction 
A two-lane road is divided into overtaking-prohibited sections in which overtaking is prohibited in 
both directions; passing-allowed sections in which overtaking is allowed; and the sections with additional 
lane (left or right of the driving lane. In this study, it is defined as Passing-lane sections). 
If we can deduce the delay in the overtaking-prohibited sections in two-lane roads, we may calculate 
relative delay in overtaking-allowed sections and the Passing lanes. This study will become an important 
reference if the delay is solved. 
In this study, a regression analysis was performed with the data acquired from the field survey on 88 
Olympic Highway to establish a delay model on 100% overtaking-prohibited sections, the model was 
adjusted with TWOPAS two-lane road traffic analysis program, various lengths of passing lanes were 
simulated to establish a delay estimation model, and finally, effect of the solution was analysed for 
different lengths of passing sections in comparison with overtaking-prohibited sections. 
2.  Literature review 
There is a couple of two-lane road delay models which have been established based on the traffic 
theories (J.F.Morrall·A.Werner·1990; G.S. Hwang·J.S.Choi·1998). It is difficult to apply complicated 
models in practice, and therefore, a delay estimation formula was adopted based on the models used in 
USHCM 2000 or Korea Highway Capacity Manual (MOCT, 2001). 
Two-lane road delay models are adopted in USHCM 2000 and KHCM 2001. USHCM 2000 uses 
Percent Time Spent Following (PTSF) and Percent Time Delay (PTD), while KHCM 2001 uses Today 
Delay Rate (TDR) as the measure of effectiveness (MOE). 
In USHCM 2000, delay in two-lane roads is quantified with the initial PTD, which, however, is the 
measure of relation between the traffic volume and the number of platooned vehicles in a point, and does 
not show the delay in a section. Therefore, PTSF was used to show the relation between traffic per hour 
and PTD (rate of the number of platooned vehicles out of the total traffic volume per analysis time unit). 
In KHCM 2001, TDR was used to quantify delay in two-lane roads. In addition, TDR was used as 
MOE to determine the service level. In TDR, delay is defined as the difference between the desired speed 
and the actual speed, and therefore, how to set the desired speed is important. The delay model of 
USHCM 2000 is also reflected in the TWOPAS simulation program. Simulations as well as field survey 
were to be performed in this study, and therefore, the delay model was established with PTSF, which 
indicates delay in space in USHCM 2000, as a dependent variable. Table 1 shows MOEs in relation with 
delay in two-lane roads.  
Table 1. MOEs in relation with delay in two-lane roads
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3.  Method of research and field survey 
3.1.  Method of research 
- Step 1: The delay model in 100% overtaking-prohibited section was deduced via field surveys, and 
was adjusted with TWOPAS. 
- Step 2: Various lengths of passing lanes were simulated to establish a delay estimation model for 
various lengths of passing section. 
- Step 3: Effect of improvement of delay for various lengths of passing sections was analysed in 
comparison with overtaking-prohibited sections. 
- Step 4: The appropriate lengths of passing sections were proposed. 
3.2.  Field survey 
In this study, a delay model was established for 100% overtaking-prohibited sections, and field surveys 
were performed as described in Table 2 for simulation and verification of the model. The speed limit in 
Goryeong IC ~ Dongoryeong IC on 88 Olympic Highway is 80kph, and daily traffic volume of the 
section is 8,000 ~ 10,000 vehicles/day.  
Table 2. Overview of field survey 
Type of road Highway 
Road Goryeong IC ~ Dongoryeong IC on 88 Olympic Highway 
Term of survey 2 days (47 hours ; 2009.10.28, 17:00~ 10.30. 16:00)1) 
Method of survey Portable traffic counting device (NC97) 
Section 100% overtaking-prohibited sections and passing lane sections (approx. 1km) 
Remark 
Time is the operating duration of NC97 for collecting data. 2 hour was set formerly, but last 
1hour did not collected the data. 
4.  Establishment and calibration of model 
4.1. Establishment of delay model in 100% overtaking-prohibited section research 
(1) Selection of variables: Relation between variables 
In order to analyse the factors affecting delay in 100% overtaking-prohibited sections, the applicable 
variables were selected based on the data collected from the field survey. The dependent variable selected 
was PTSF which appropriately expresses delay in two-lane roads. Following variables were selected for 
analysis of factors: 
- Dependent variable: PTSF (MOE of delay level) = Number of platooned vehicles / Total traffic 
volume 
- Independent variables: Traffic volume (Vol), Average speed (speed), Number of platoons (Nop), 
Average speed of leading vehicle (Aslv), Number of vehicles in a platoon (Novip), Average headway in a 
platoon (Ahip), Difference of average speed between platooned vehicles and the leading vehicle (Asmlvs) 
(2) Correlation analysis and selection of variables 
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In Table 3, the factors that affect the dependent variable PTSF are Vol, Nop and Novip, which are the 
variables mainly related with the traffic volume. These variables are highly correlated, and therefore, Nop, 
which has the largest influence on the dependent variable, should be used as the independent variable. In 
consideration of utilization of the model and the influence on the dependent variable, however, it is 
desirable that the traffic volume is used as the independent variable. 
Table 3. Analysis of correlation between variables 
Correlation Analysis Vol Speed Nop Aslv Novip Ahip Asmlvs 
Correlation coefficient 0.86805 -0.40074 0.87754 -0.19616 0.86310 -0.12286 -0.12983 
PTSF
P-value <.0001 <.0001 <.0001 0.0078 <.0001 0.0975 0.0798 
Correlation coefficient  -0.41552 0.95392 -0.21789 0.99381 -0.01736 -0.11551 
Vol
P-value  <.0001 <.0001 0.0030 <.0001 0.8156 0.1194 
(3) Establishment of PTSF estimation model 
1)Non-linear model 
Table 4. Parameters of non-linear model 
Parameter Estimate Standard Error DF t value Pr > t Alpha Lower Upper Gradient 
a (constant) -0.00298 0.000085 183 -34.91 < .0001 0.05 -0.00314 -0.00281 -0.00005 
͑
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PTSF = (1-exp(-0.00298*Vol))*100
R2 = 0.28
͑
Fig. 1. Non-linear model 
2)Linear Model 
Table 5. Parameters of linear model 
Parameter Estimate Standard Error t value Pr > t 
Intercept -0.5928 0.03209 -18.47 < .0001 
Vol 0.2078 0.00586 35.48 < .0001 
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͑
Fig. 2. Fitting of linear model 
If a PTSF estimation model is derived from the non-linear model and the linear model (see Tables 3 
and 4), the linear model shows a delay even at the traffic volume of 0vph, but provides more reliable 
result than the non-linear model if a range of values are used. The proportion of platooned vehicles out of 
the total traffic was 0.7%, 82.4% and 94.0% at 18vehicles/hour, 916vehicles/hour and 1,600 vehicles/hour 
(capacity), respectively. The result was meaningful for the surveyed value (R2=.8743) (see Fig 1 and 2). 
Therefore, the model derived from the linear model was simulated. 
4.2. Adjustment of input values for simulation 
- Heavy vehicle ratio, desired speed, proportion of platooned vehicles, etc. 
- Heavy vehicle ratio: 12% (1,583/12,899) 
- Desired speed (85%-ile of the above-average speed. 120 or higher for heavy vehicles excluded) : 
Passenger cars: 93.3kph, Heavy vehicles: 91.7kph  
- Proportion of platooned vehicles = 0.2078ln(Vol)-0.5928 
Table 6. Selection of traffic input values for simulation 
Simulated traffic volume Desired speed (km/h)/Standard deviation
Total
(No./Hour/Direction) 
Passenger
cars (%) Trucks (%)
1) Passenger cars Trucks 
Proportion of 
platooned
vehicles2)
Remark 
100 36.4 Reference section 
300 59.2 ļ
500 69.9 ļ
700 76.9 ļ
900 82.1 ļ
1,000 
88 12 
93.3/8.6 
(ĆTWOPAS 
99.0/8.0) 
91.7/6.2 
(ĆTWOPAS 
95.7/6.4) 
84.3 ļ
Note 1) Vehicles 8m or longer were classified into heavy vehicles.  
Note 2) Field survey model: Proportion of platooned vehicles = 0.2078ln(Vol)-0.5928͑
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5. Simulation 
5.1. Scenario 
- Geometric design conditions: The road for analysis was set to 5km, and the passing sections of 1km, 
2km and 3km were set in the center of the entire section. 
- Traffic conditions: as shown in Table 6 
- Simulation: IHSDM's TAM (Traffic Analysis Module) 
͑
Fig. 3. Simulation performed with IHSDM’s TAM 
5.2. Result of Simulation 
- As shown in Fig. 4 (where, no pass=overtaking prohibit section, ps 1, 2, 3km = 1, 2, 3km length of 
passing lane, respectively) , and as expected, the longer the passing section, the delay effect continues 
longer. 
- At the traffic volume of 900vph and the passing section of 1km, PTSF maintained the service level D 
for certain distance after the end of the passing section, while at 1,000vph, as the passing section was 
passed, PTSF got deteriorated as that of the 100% overtaking-prohibited section. Therefore, in order to 
maintain LOS D or lower for high traffic level in the two-lane road section, the length of the passing 
section should be at least 2km. No simulation was performed for the passing section of 1.5km longer in 
this study. It is considered that there is a possibility of solution of delay in the passing section of 1.5km. 
This may be verified in further studies in the future.   
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Fig. 4. PTSF(%) by traffic level at detection points
- At the considerably low traffic level (100vph), there was no big difference in LOS between the 
overtaking-prohibited sections and the passing sections. The traffic got worse continuously in the 
overtaking-prohibited sections, while operating condition in the passing lane section is better than 
overtaking prohibit section and maintained even after the end of the passing section.  
6. Verification and analysis of effectiveness 
- For verification of the result of the simulation, the PTSF values collected through the traffic flow 
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detectors at various traffic levels and collection points were compared as shown in Fig 5. PTSF is a 
function of traffic volume, and the traffic level is not specifically indicated in the figure. The result 
showed similar pattern with that of TWOPAS simulation. The PTSF values got reduced rapidly with the 
start of the passing section in the TWOPAS simulation result, but the level of reduction was slower in the 
fields.
͑
Fig. 5. Change of PTSF(%) by survey point at the field 
Table 7. Effect of Improvement of delay by traffic level and by passing lane length 
vph=100 vph=300 vph=500 vph=700 vph=900 vph=1000 Average
PT
SF
IR(%)
PT
SF
IR(%)
PT
SF
IR(%)
PT
SF
IR(%)
PT
SF
IR(%)
PT
SF
IR(%)
PT
SF
IR(%)
no
pass
34 - 67 - 74 - 79 - 84 - 86 - 71 -
p1 26 24 - 58 14 - 64 13 - 71 10 - 75 10 - 78 9 - 62 13 -
p2 21 38 18 - 51 23 11 - 58 22 10 - 64 19 10 - 69 18 8 - 71 17 9 - 56 23 11 -
p3 19 46 28 12 46 32 11 11 52 30 10 10 59 26 9 9 64 24 8 8 66 23 8 8 51 30 12 10
Note (1) IR = Improvement Rate(%) 
- After the end of the passing section, delay became similar to that of 100% overtaking-prohibited 
section but very slowly. This means that the improvement effect is maintained for some time after the 
passing section. In this study, the traffic data was collected up to the 1.2km downstream point after the 
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end of the passing lane, and it was found that the improvement effect is maintained for at least 1.2km 
after the end of the passing lane. 
- Table 7 lists the improvement effect by length of the passing section in comparison with 100% 
overtaking-prohibited section.   
- As the traffic level grows, delay gets higher and the improvement effect is reduced. In average, PTSF 
is 71% for the 100% overtaking-prohibited section, 62% for the passing lane of 1km, 56% for 2km, and 
51% for 3km. The improvement effect for the passing lane of 2km is higher by approx. 23% than that for 
the 100% overtaking-prohibited section.  
The following conclusion was derived from this study:  
- The linear model of USHCM 2000 is more reliable than the non-linear model as the model for PTSF 
for delay in two-lane roads. 
: PTSF(%) = 0.2078ln(Vol)-0.5928 (R2=.8743) 
- When the above model was applied to the TWOPAS model, it was found that the passing lane is 
appropriate should be at least 2.0km for large traffic (1,000vph). The improvement effect in the passing 
lane is higher by 23% in average than in the 100% overtaking-prohibited lanes. It was also found that 
there is a possibility of improvement with the 1.5km passing section. 
- The 1km passing sections currently adopted in 88 Olympic Highway provides the delay improvement 
effect at the traffic volume of 900vph. As the traffic volume grows, however, it is required to extend the 
length of the passing sections. 
It the future studies, it is required to analyse effect of improvement of the 1.5km passing sections, and 
to find the maximum length of the passing section. This study should be performed with the analysis in 
the economic aspects. 
7. Conclusion and future studies 
The following conclusion was derived from this study:  
- The linear model of USHCM 2000 is more reliable than the non-linear model as the model for PTSF 
for delay in two-lane roads. 
: PTSF(%) = 0.2078ln(Vol)-0.5928 (R2=.8743) 
- When the above model was applied to the TWOPAS model, it was found that the passing lane is 
appropriate should be at least 2.0km for large traffic(1,000vph). The improvement effect in the passing 
lane is higher by 23% in average than in the 100% overtaking-prohibited lanes. It was also found that 
there is a possibility of improvement with the 1.5km passing section. 
- The 1km passing sections currently adopted in 88 Olympic Highway provides the delay improvement 
effect at the traffic volume of 900vph. As the traffic volume grows, however, it is required to extend the 
length of the passing sections. 
It the future studies, it is required to analyse effect of improvement of the 1.5km passing sections, and 
to find the maximum length of the passing section. This study should be performed with the analysis in 
the economic aspects. 
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